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ABSTRACT 
 
The ability to produce new product design with features such as a lower cost, 
higher quality than the original product is a key factor in meeting the market demand. 
Design for Assembly (DFA) has been widely used in industry and has produced many 
successes. Some of the methods known in the DFA industry now are the Boothroyd-
Dewhurst DFA method, Hitachi assemblability analysis method (AEM) and the Lucas 
DFA-Hull method. With these well-known methods, many important changes and 
developments carried out either manually or through the automatic assembly. The goals 
of this project are to analyse existing headlamp using Boothroyd-Dewhurst DFA and 
Hitachi Assemblability Evaluation Method (AEM) in terms of assembly time, assembly 
cost and assembly efficiency. The headlamp that has been used in this project is a Saga 
BLM headlamp. The original headlamp and proposed  headlamp design have been 
compared between each other’s and the best result is the proposed design which has the 
lowest assembly time, lowest assembly cost and highest percentage of design efficiency 
that is the third proposed design headlamp for each method. 
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ABSTRAK 
 
Keupayaan untuk menghasilkan produk baru yang mempunyai ciri-ciri seperti 
mempunyai kos yang rendah, tinggi kualiti daripada produk asal merupakan faktor 
utama di dalam memenuhi pasaran. Pemasangan Reka bentuk (DFA) telah banyak 
digunakan di dalam industri dan telah menghasilkan pelbagai kejayaan. Antara kaedah-
kaedah DFA yang terkenal di dalam industri sekarang ialah kaedah Boothroyd-
Dewhurst DFA, Kaedah analisis Hitachi assemblability (AEM) dan kaedah DFA Lucas-
Hull. Dengan adanya kaedah-kaedah yang ternama ini, banyak perubahan dan 
pembangunan penting dilaksanakan samada pemasangan secara manual ataupun 
pemasangan secara automatik. Tujuan dari projek ini adalah untuk menganalisis lampu 
depan yang sedia ada dengan menggunakan Boothroyd-Dewhurst DFA dan Hitachi 
Assemblability Kaedah Penilaian (AEM) dari segi masa pemasangan, kos pemasangan 
dan kecekapan pemasangan. Lampu depan yang digunakan dalam projek ini adalah 
lampu depan Saga BLM. Lampu depan yang asal dengan rekaan lampu depan yang 
dicadangkan telah dibandingkan antara satu sama lain dan rekaan terbaik ialah rekaan 
yang mepunyai masa pemasangan yang paling rendah, kos pemasangan yang paling 
rendah dan peratusan tertinggi dari segi kecekapan pemasangan iaitu rekaan lampu 
depan yang ketiga bagi setiap kaedah. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1  INTRODUCTION 
 
This chapter discussed about Design for Assembly (DFA) method, project 
background, problem statement, research objectives, and the scope of study. These 
information are important to give a starting point for the progress in this project. This 
project is focused on studying about assembly cost reduction of car headlamp using 
Boothroyd-Dewhurst DFA and Hitachi Assemblability Evaluation Method (AEM) 
approaches. 
 
1.2  PROJECT BACKGROUND 
 
 Traditionally, product development was essentially done in several stages. The 
designer would design the product, and sometimes would construct working prototypes. 
Once the prototype was tested and approved, the manufacturing team would then 
construct manufacturing plans for the product, including the tooling etc. Often, different 
materials like different thickness or type of sheet metal, and different components like 
different sized screws would be substituted by the manufacturing team. Their goal was 
to achieve the same functionality, but make mass production more efficient. However, 
the majority of the design remained unchanged, since the manufacturing engineers 
could never be sure whether a change would affect some functional requirement. There 
are two things changed in the 1970’s, firstly, many new types of plastics were 
developed, and injection moulding technology became widely available, resulting in the 
possibility of low cost plastic components. An advantage of these new plastic materials 
was that they provided different material behavior. Thus, parts that had to be made from 
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metal and screwed together could just be made out of plastic and snap fitted. This 
reduced assembly time, assembly components, and production costs.  
 
 Secondly, several companies were trying to bring their products to the market 
faster. One problem with the earlier method of doing things was that each time there 
was a design change made by the manufacturing engineer, product development was 
held up, waiting for the Engineering Change Notice (ECN) to be approved by the 
designer. Often, this process introduced delays because the design engineer would be 
busy with other tasks, or unavailable. To avoid this, the concept of Concurrent 
Engineering (CE) became popular. The idea here was that a combined team of 
engineers and management would be assigned to each new product. This team may 
consist of mechanical designers, electrical engineers, software engineers, production 
engineers, marketing and sales, and management. Thus, as the design was being 
generated by the designers, the production people would give feedback about feasibility 
to manufacture, more economical alternatives etc. At the same time, sales people would 
negotiate of product outlook and features, and so on. The biggest advantage of CE was 
that the product was designed in a way that manufacturing cost and time would be low 
during production.  
 
  At this time, working with many different companies, Boothroyd’s team 
analysed existing designs of hundreds of products, and suggested design improvements 
based on manufacturing and assembly ease. Using the experience of these projects, they 
then developed a very large set of guidelines on how to estimate whether a design was 
designed well from a manufacturing point of view and potential methods to improve the 
designs.  
 
Generally, there are three DFA methods used to reduce the cost of the product. 
The main methods are Boothroyd-Dewhurst DFA method, Lucas-Hull DFA method and 
Hitachi Assemblabitily Evaluation Method (AEM). This project is about applying 
Boothroyd-Dewhurst DFA and Hitachi Assemblability Evaluation Method (AEM) to 
make a new proposed design of headlamp which is better in the aspect of assembly cost, 
assembly time and assembly efficiency than the original one. This case study focused 
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on redesigning the car headlamp and the aim of analysis is to reduce the assembly cost 
for the headlamp. 
 
1.3  PROBLEM STATEMENT 
 
 Headlamp normally consists of many components and parts from the bulb to the 
reflector of the lamp. In automotives industry, the components of the lamp are 
assembled and combined together to produce the headlamp. During this process, there 
are some parts of headlamp that are difficult to be assembled which means it takes more 
time to be assembled and as a result, the cost also increased. 
  
In order to solve this problem, the project is done. The project also aims to 
minimize the difficulties encountered during assembly of the components of the 
headlamp. By using two methods of DFA which are Boothroyd-Dewhurst DFA and 
Hitachi Assemblability Evaluation Method (AEM), the existing design of headlamp was 
improved according to DFA guidelines and with the improvements that have been made 
in proposed design, the comparison between existing and proposed headlamp design in 
term of cost assembly, assembly time and assembly efficiency must be made in order to 
know whether the improvements are quite good or not. 
 
1.4 PROJECT OBJECTIVES 
 
The objectives are stated stated as below: 
 
1. To analyse existing headlamp in term of assembly cost, assembly time and 
assembly efficiency by using Boothroyd-Dewhurst DFA and Hitachi (AEM) 
methods. 
2. To come out with suggestions to reduce assembly cost for the headlamp. 
3. To determine the assembly cost before and after improvement. 
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1.5  SCOPE OF STUDY 
 
 The scopes of this project are follows: 
 
1. The CAD design of the original and the proposed design of the headlamp are 
done using Solidworks 2009 software. 
2. Analysis of the original design and the proposed design of the headlamp are 
performed by using Boothroyd-Dewhurst DFA and Hitachi Assemblability 
Evaluation Method (AEM) methods. 
3. Limited to headlamp for Saga BLM only and the proposed design is for 
suggestion purpose to manufacturer. 
  
 
CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 INTRODUCTION 
 
This chapter discussed about the DFA and its guidelines. Besides that, the 
literature review gives a brief explanation about the functions and the principles of the 
DFA which is subcomponent of the DFMA itself. Some of the information in this 
chapter can give extra information which can be useful while doing this project.   
  
2.2 DESIGN FOR ASSEMBLY (DFA) 
 
 Assembly is a major part in product manufacturing process and the function is to 
joint all the components and turn it as a complete product (Boothroyd et al., 2002). 
Design for Assembly is an approach to reduce cost of the product and time to assemble 
the product by simplifying the process and product. The DFA method should be 
considered at all stages of the design process especially in the early stages (Boothroyd 
et al., 1994). Using DFA tool, the product assembly could be analyse in effective way. 
  
 The aim of Design for Assembly (DFA) is to simplify the product so that the 
cost of assembly is reduced. However, consequences of applying DFA usually include 
improved quality and reliability, and a reduction in production equipment and part 
inventory. These secondary benefits often outweigh the cost reductions in assembly. 
 
DFA recognises the need to analyse both the part design and the whole product 
for any assembly problems early in the design process. We may define DFA as process 
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for improving product design for easy and low-cost assembly, focusing on functionality 
and on assemblability concurrently.  
 
The practice of DFA as a distinct feature of designing is a relatively recent 
development, but many companies have been essentially doing DFA for a long time. 
For example, General Electric published an internal manufacturing product ability 
handbook in the 1960's as a set of guidelines and manufacturing data for designers to 
follow. These guidelines embedded many of the principles of DFA without ever 
actually calling it that or distinguishing it from the rest of the product development 
process. 
 
It was not until the 1970's that papers and books on the topic began to appear. 
Most important among these were the publications of G. Boothroyd that promoted the 
use of DFA in industry. 
 
2.2.1  Comparison of Assembly Method 
 
There are three method of assembly such as manual assembly, automatic 
assembly and robotic assembly (Boothroyd et al., 2002). What considerations affect the 
choice of methods? For manual assembly, the cost is fixed per unit regardless of the 
production volume. Fixed automatic assembly such as injection molded part, the more 
units produced, the closer it will get to just the cost of the materials (spreading fixed 
tooling costs and capital). Robotic or flexible assembly allows capital costs to spread 
across multiple uses, making cost per unit non-linear at lower volumes. 
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Figure 2.1: Relative costs of different assembly methods by type and production 
volume. 
 
Source: Mital et al. (2007) 
 
 Graphically, the cost of different assembly methods can be displayed as in 
Figure 1. The non-linear cost for robotic assembly reflects the non-linear costs of robots 
even small ones cost a lot. 
 
 
 
Figure 2.2: Production ranges for each type of assembly method 
 
Source: Mital et al. (2007) 
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The appropriate ranges for each type of assembly method are shown 
approximately in Figure 2. Assembly methods should be chosen to prevent bottlenecks 
in the process, as well as lower costs. 
 
2.2.2  DFA Guidelines and Principles 
 
 DFA applies to all the assembly operations, such as parts feeding, separating, 
orienting, handling, and insertion for automatic or manual assembly (Ghosh and 
Gagnon, 1989). Many factors can affect the reliability of the assembly operation. 
Several guidelines have been determined which can improve the reliability and the ease 
of the assembly. The DFA guidelines can be summarized as below (Otto and Wood, 
2001).  
 
1. Assemble only in open space, not in confined or restricted space. Never bury 
important components. 
2. Minimise part count by incorporating multiple functions into single parts. 
3. Modularise multiple parts into single subassemblies. (see Figure 2.3  ) 
4. Make parts to identify how to orient them for insertion. 
5. Standardise to reduce part variety (see Figure 2.4 ) 
6. Maximise part symmetry (see Figure 2.5 (a) ) 
7. Design in geometric or weight polar properties if nonsymmetric. 
8. Eliminate tangly parts. (see Figure 2.5 (d) ) 
9. Color code parts that are different but shaped similarly. 
10. Prevent nesting of parts. 
11. Provide orienting features on nonsymmetries. 
12. Design the mating features for easy insertion. (see Figure 2.6 ) 
13. Provide alignment features. 
14. Insert new parts into assembly from above. 
15. Insert from the same direction or very few. Never require the assembly to be 
turned over. 
16. Eliminate fasteners. 
17. Place fasteners away from obstructions. 
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18. Deep channels should be sufficiently wide to provide access to fastening tools. 
No channel is best. 
19. Providing flats for uniform fastening and fastening ease. 
20. Proper spacing ensures allowance for a fastening tool. 
 
 
 
 
Figure 2.3: Design to avoid an adjustment during insertion 
 
Source: Boothroyd et al. (2002) 
 
 
 
 
Figure 2.4: Standardize parts. 
 
Source: Boothroyd et al. (2002) 
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Figure 2.5: Features affecting part handling 
 
Source: Boothroyd et al. (2002) 
 
 
 
 
Figure 2.6: Design to aid insertion 
 
Source: Boothroyd et al. (2002) 
 
